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Introduction 
A problem which comes to the fore in the 
assessment of the wood quality of a tree 
is that of finding clearly definable and easi- 
ly measurable characteristics by means of 
which a reliable and objective measure of 
the tree's usefulness for various purposes 
may be obtained. This question has come 
to be of especial importance in recent years, 
since an increasing amount of work has gone 
into forest tree breeding. In this context it 
is of particular importance to obtain appro- 
priate measures of the parent trees' quality. 
As progeny trials reach an age at which 
they may be assessed, for these too is it of 
prime importance to have reliable, objective 
measures of quality. 
Throughout the world today the pulp and 
paper industry is expanding and becoming 
ever more dominant amongst the forest pro- 
cessing industries. Because of this develop- 
ment it is increasingly important to find 
good measures of the quality of a tree from 
the pulping point of view. The attributes 
most used have been the density (dry wt/ 
dry volume) and basic density (dry wtlgreen 
volume) of the wood. 
Earlier investigations usually made use of 
the density, whereas more recently basic 
density has largely been employed. The rea- 
son for this is that pulpwood is customarily 
measured at a moisture content above the 
fibre saturation point, hence basic density 
gives a better picture of the dry matter con- 
tent per unit volume. Furthermore, the 
green volyme may be more reliably mea- 
sured than the dry. This is especially t r w  
of large samples, which readily form in- 
ternal fissures on drying, their volume being 
overestimated in consequence. 
On the whole, these two densities are in 
fair agreement, a high density being asso- 
ciated with a high basic density in one and 
the same tree species. 
Many investigations have been made of 
the influence of density both on the attri- 
butes of the sawn timber and on the pulp 
yield's quantity and quality. Some of these 
results are compiled in Ericson (1961), and 
show that with increasing basic density and 
density there is associated an increase in all 
the strength properties of the knot-free sawn 
timber. The pulp yield as expressed in kilo- 
grams of dry pulp per unit volume wood 
increases with increasing density. The tear- 
ing strength in the manufactured paper in- 
creases with increasing density, while the 
tensile strength and bursting strength de- 
crease (Nylinder SL Hiigglund 1954). On 
the assumption that wood is valued by vol- 
ume, the pulp yield is most important. 
Intention 
The aim of this study is to discover whether 
any connection exists in pine between the 
basic density of the wood of the mother 
trees and that of the progeny after free pol- 
lination. 
In this context it is important that the 
density of the progeny be determined at as 
early an age as possible. Whether a clear 
relationship exists or not, it is of great value 
to be able to compare at an early stage the 
progeny with respect to basic density. It 
would hence be possible rapidly to rank 
the mother trees by reference to the basic 
density of the progeny. 
At present, density may determined with 
the aid of increment cores. This requires 
the progeny to have attained sufficient di- 
mensions to permit boring; this implies a 
loss of time. Furthermore, the young trees 
are undoubtedly disturbed by boring, which 
can affect other comparisons between the 
progenies. For these reasons the possibility 
of determining the density of the stem 
through the density of the branches was 
first studied. 
The main part of the investigation com- 
prises direct comparisons between the den- 
sity of the mother trees and that of the 
progenies. Strong correlation between these 
densities implies that trees with a heritable 
tendency to form wood of low density may 
be eliminated at the time when the mother 
trees are selected. At present the Coordi- 
nation Committee for Forest Genetics and 
Tree Breeding carries out a routine deter- 
mination of the basic density of the pro- 
posed mother tree. In the final assessment 
of the trees the density is then included as 
one of many factors which are evaluated to 
give a final rating. 
If co-variation exists between the density 
of the mother trees and that of the prog- 
enies this means that there is reason to pay 
attention to the density of the mother trees. 
Previous investigations 
The relationship between the density in the 
stem and in branches of the loblolly pine 
(Pinus taeda E.) has been studied in in- 
vestigations in the United States. Zobel & 
Rhodes (1956, 1957) found strong relation- 
ships between the basic density in the inner- 
most eight annual rings and the density in 
the older wood of the same tree (corre- 
lation coefficient 0.80-0.85). They also 
found a fairly good correlation (correlation 
coefficient 0.55-0.70) between the density 
in branches taken from breast height on 
trees three to nine feet tall, and the density 
in the stem as calculated for the wood at 
the base of the branches in question. The 
authors considered branch investigation to 
be a feasible method for estimating the 
basic density in the stems of young trees. 
Jackson LG Warren (1962) found high11 
significant correlation coefficients for the 
relationship between the density in two- 
year-old branch wood and the density in 
stem wood (r=0.68 and 0.80). In slash 
pine, too, (Pinus elliottii Engelm.) this re- 
lationship was highly significant (r=0.73). 
Jackson 8L Warren also studied the density 
relationship between mother trees and prog- 
enies and obtained a correlation coefficient 
of 0.87. However, for this purpose the two 
species were united into one group, which 
makes for difficulties in assessing the value 
obtained. 
In slash pine the relationship between the 
density of the mother trees and the density 
in the progenies after free pollination has 
also been investigated by Goddard & Cole 
(1966). These authors found, amongst other 
things, that it was immaterial whether the 
investigation was made on wood free from 
or wood containing extractives. After the 
adjustment of the mother trees' densities in 
respect of the mean value for each growing 
site, and subsequent comparison with the 
mean value for density in the various prog- 
enies a significant regression was obtained 
which explained 24 per cent of the variation 
amongst the progenies; this implies a cor- 
relation coefficient of ca 0.50. Goddard & 
Cole suggested a combined selection, mean- 
ing that of 12 progenies in ail experiment 
they chose four in which both the mother 
tree and the progeny had a density greater 
than the average. By this means the average 
density of the progenies could be increased 
by 2.5 per cent. 
In numerous investigations in comparative 
progeny trials the heritability (degree of 
heritability in narrow sense, H or h') for 
the density has been determined for e.g. 
Pinus taeda, P. radiata and P. elliottii (van 
Buijtenen 1962, Squillace et al. 1962, Gog- 
gans 1964, Goddard & Cole 1966, Stone- 
cypher 1966, Stonecypher & Zobel 1966). 
The basis for these have been comparative 
field experiments, where, by means of an 
analysis of variance, the components of vari- 
ance within and between progenies have 
been allocated. The values obtained for 
heritability lie within the interval Q.2-1.0. 
Hattemer (1963) considers that heritability 
calculated in this fashion is more a para- 
meter for field trials than a genetical para- 
meter. Heritability may also be calculated, 
according to Hattemer, from the regression 
of progeny on parents, so that after free 
pollination that relationship may be em- 
ployed whereby the obtained regression be- 
tween progenies and mother trees gives half 
the value of the heritability. He does not, 
however, consider even this method ideal, 
partly because one is forced to compare in- 
dividuals of very different ages, growing, 
as a rule, in very dissimilar environments. 
Harris (1965) holds that the heritability 
as calculated by analysis of variance is valid 
only under the specific conditions obtaining 
in the field trial in question and thus can 
not be considered a definite characteristic 
s f  a certain species. The same views are each one controlled by a more or less com- 
discussed by Zobel (1960, 1961, 1963) and plex physiological system. Experience from 
are dealt with in greater detail in chapter 6 other biological material has, however, 
of the present work. shown that selection in respect of similarly 
Harris also points out that the density is complicated end products (e.g. yield of seed) 
not a simple attribute in the biological sense can give satisfactory results. 
but is, rather, dependent on many factors, 
Relationship between basic density in stem and in 
branches 
4.1 Preliminary investigation 
For the investigation were chosen 20 ca 
12-year-old pines. From each tree samples 
were taken both from the stem and from 
the branches. In all, eight stem samples and 
35 branch samples were collected per tree. 
For each sample the basic density was de- 
ternlined by the method described in Appdx 
1. The relative density was not calculated, 
for reasons which will appear from Appdx 2. 
The correlation coefficients were calculated 
for the relationship between the basic den- 
sity of the various branch parts and the 
density of a six-year-old stem section. Those 
branch samples which exhibited the highest 
correlation coefficient were partly two- 
year-old branch sections in the second branch 
whorl from above (r=0.46-0.56, depending 
on the ranking in length) and branches in 
the topmost whorl (r=0.28-0.47). It was 
decided that in further investigations samples 
should be taken from these branches. Stem 
samples should be taken from a six-year-old 
stem section. 
4.2 Collection of material from progeny trials 
The collection of material for the second 
stage of the work was undertaken in a prog- 
eny trial in northern Varmland (latitude 
6OC30'N, height above sea level ca 
400 m). The experiment was established by 
the Association for Forest Tree Breeding 
and has the designation No. 48 Filphus. 
The experiment was established with the 
intcntion of comparing the progenies from 
free pollination of 22 plus trees. There 
were, furthermore, progenies from three po- 
pulations. The trial is intended to comprise 
both the quantitative and the qualitative 
development. No determination of the den- 
sities had preceded the choice of plus trees. 
The experimental area is divided into four 
blocks of 60 x 60 m, which in their turn 
are divided into 25 plots, one for every 
progeny. The progenies are distributed ran- 
domly in each block. The plots are planted 
with 100 trees at the spacing 1.2 m. Buffer 
strips exist only round the outer margin of 
the experimental area, and not between 
blocks and plots. 
The area was planted in 1952 with 2 +1 
pine. The trees had thus passed through 14 
growing seasons. Their height varied from 
1-4.5 m. No clear differences in growth, 
colour, etc., between progenies were obser- 
vable. 
Samples were taken from five trees per 
plot, i.e. from 20 trees per progeny or 500 
trees in all. Within the plots where prima- 
rily selected trees which had already been 
chosen on the map of the experiment. If any 
of these was unsuitable for sampling, then 
from amongst the surrounding trees another 
was selected according to a pre-determined 
system. The trees thus chosen could be con- 
sidered as a systematic sample of the popu- 
lation. From each tree samples were taken 
according to 4.1. 
4.3 Relative basic density 
The reason for the calculation of the rela- 
tive basic density will be apparent from 
Appdx 2. 
The regression functions for calculation 
of the relative basic density were based on 
the relationship between the samples' basic 
density and diameter. Since the age was 
constant for every sample type, diameter 
could be used as a measure of the annual 
ring width. 
The following equations were obtained: 
y = basic density, g/cm3, 
x = diameter, tenths of mm, 
r = correlation coefficient 
Type of sample Equation r 
Stern y = 0.394 149 - 0.000 170 x -0.510 ( I )  
1-year-old 
branch section y = 0.290 581 - 0.000 328 x -0.170 (2) 
2-year-old 
branch section y = 0.380 352 - 0.000 610 x -0.383 (3) 
With the aid of these functions a calculated 
value for the basic density was obtained for 
each individual sample. The relative basic 
density was calculated as 100 x observed 
basic density/calculated basic density for 
every sample. The mean and standard de- 
viation of the basic density for every in- 
dividual progeny may be found in Pers- 
son (1968, Table 4). 
4.4 Statistical analyses 
The correlation between the basic density 
in the stem and in the one-year-old branch 
and in the stem and in the two-year-old 
branch, has been calculated for every prog- 
eny. The coefficients for both the observed 
and the relative densities are compiled in 
Persson (1968, Table 5) . 
The regression coefficient for density in 
the stem on density in the branches has also 
been calculated for all progenies. The values 
obtained are given in the above-mentioned 
table. 
For the whole material the following 
equations and correlation coefficients (r), 
y = densily in the stem, x = density in 
branch were obtained. 
Regression of 
All correlation coefficients are highly sig- 
nificantly greater than 0. 
The material was subsequently processed 
with the aid of the covariance analysis given 
in Bonnier Pc Tedin (1940, pp. 142-155). 
The following analyses were attempted: 
I. Investigation of the position of the prog- 
enies relative to their mean regression 
line. 
11. Testing of the regression coefficients of 
the individual progeny. 
Significance obtained in any of these 
tests indicates that the various progenies 
cannot be ascribed to the same population 
as regards the co-variation between basic 
density in the stem and in branches. The 
tests were performed for the following four 
regressions: Stem on one-year-old branch 
sections and stem on two-year-old branch 
sections for observed and relative basic den- 
sity. 
The covariance analysis was performed 
with a simple grouping in which the trees 
within a progeny represent one group. The 
analysis is described in Persson (1968, Table 
6-7). A summary of these tables is given 
below. 
Equation r 
Observed basic stem on 
density, g/cm3 1-year-old 
branch section y = 0.4836 x '0.2025 0.345 (4) 
stem on 
2-year-old 
branch section y = 0.5698 x $0.1419 0.487 (5) 
Relative basic stem on 
density, % 1-year-old 
branch section y = 0.3340 x +66.373 0.335 (6) 
stem on 
2-year-old 
branch section y = 0.3922 x $60.815 0.356 (7) 
I. The scatter of the mean values for the 
progeny around the mean regression line 
"within progenies". No. of degrees of 
freedom in the numerator 24, in the 
denominator 474. 
- - 
Correlation between 
basic density in: 
stem and stem and 
1-year-old 2-year-old 
branch branch 
section section 
Variance 
ratio 
Observed basic density, regression: 
stem on 1-year-old branch section 3.390*** 
stem on 2-year-old branch section 4.061*** 
Relative basic density, regression: 
stem on 1-year-old branch section 3.500*** 
stem on 2-year-old branch section 3.831 *** 
11. Comparison between the slope of the 
regression line for the individual prog- 
enies. No. of degrees of freedom in nu- 
merator 24, in denominator 450. 
Variance 
ratio 
Observed basic density, regression: 
stem on 1-year-old branch section 0.935 
stem on 2-year-old branch section 1.315 
Relative basic density, regression: 
stem on 1-year-old branch section 0.595 
stem on 2-year-old branch section 1.119 
For all four relationships tested the follow- 
ing holds: The various progenies' average 
values deviate highly significantly from the 
mean regression line "within progenies". 
The variation in the sIope of the regres- 
sion lines in the various progenies is not 
significant. 
The test shows that it is not possible to 
obtain a good estimate of the average den- 
sity of the stem with the guidance of the 
density in the branches by means of a func- 
tion common to all progenies, even if the 
average density of the branches in one prog- 
eny is calculated for a large number of 
trees. 
A consequence of these population dif- 
ferences is that the correlation coefficient 
does not increase as much as expected after 
the change from individual values for the 
regression to progeny means. The correla- 
tions coefficients are summarised here. 
Observed density 
Individual values 0.345 0.487 
Progeny mean 0.590 0.526 
Relative density 
Individual values 0.335 0.356 
Progeny mean 0.571 0.492 
- 
When the progeny mean is employed, which 
seems most realistic in the practical appli- 
cation of branch analyses, the density in the 
one-year branch sections has the best rela- 
tionship with the density of the stem. The 
difference between the observed and the 
relative basic density is inconsiderable in this 
respect. Figures 1-4 illustrate this relation- 
ship graphically. 
4.5 Applications 
The analysis of co-variation and the graphs 
for the progeny means in Figures 1-4 
show that the accuracy is low when the ba- 
sic density of the stem is estimated with 
the aid of the density of the branch sample. 
It might be possible to give a lower limit 
for the branch basic density in progenies 
which are suitable for use in further breed- 
ing. Figures 1-4 indicate, however, that 
such a limit would be set so low that only a 
few unsuitable progenies would be excluded. 
This line of enquiry has therefore not been 
pursued. 
In this investigation both the observed 
and the relative basic density has been 
analysed. For reasons given in Appdx 2 the 
relative density gives a clearer expression of 
the genetically determined density variation 
and it might therefore have been satisfac- 
tory to carry out the analyses using only 
relative density. The observed basic den- 
sity was mainly included to make possible 
a comparison with the values published by 
Zobel & Rhodes (1956, 1957) which 
throughout refer to the observed density. 
4.6 A comparison between progenies 
The question as to whether the differences 
between the basic density of the various 
progenies could have arisen by chance or 
has a real basis was investigated by an 
analysis of variance. So as to be able to sep- 
arate the variation which depends on in- 
heritance (progeny) from that which de- 
pends on environment (block) a two-way 
analysis of variance was performed with 
"Block" and "Progeny" as sources of vari- 
ation. The calculation of the mean squares 
and the arrangement of Table 1 and 2 was 
carried out in accordance with Dixon & 
Massey (1957, pp. 164-165). 
The calculation of variance ratios and 
the division into components of variance 
which is shown in Table 3 was carried out 
on the assumption of "randon1 effects" in 
the experiment (Peng 1967, p. 80). 
A test for interaction between blocks and 
progeny in no case showed significance. 
Otherwise the following variance ratios 
were obtained: 
I. Test of differences between progenies. 
Hypothesis: no differences. Numerator 24 
degrees of freedom and denominator 72 
degrees of freedom. 
Observed basic density 
Sample Stem 1-year- 2-year- 
old branch old branch 
section section 
Variance 
ratio 3.715*** 4.244*** 3.645*** 
Relative basic density 
Sample Stem 1-year- 2-year- 
old branch old branch 
section section 
Variance 
ratio 4.849*** 4.151*** 4.658*** 
11. Test of differences between blocks. Hy- 
pothesis: no differences Numerator 3 de- 
grees of freedom, denominator 72 de- 
grzes of freedom. 
Observed basic density 
Sample Stem 1-year- 2-year- 
old branch old branch 
section section 
Variance 
ratio 2.068 1.687 3.160* 
Relative basic density 
Sample Stem 1-year- 2-year- 
old branch old branch 
section section 
Variance 
ratio 1.097 1.059 3.850* 
Of these (I) shows that the difference bet- 
ween the average basic densities of the prog- 
enies was highly significant for all samples. 
Between the block means the difference 
was almost significant (95 per cent level) 
for the two-year stem section and not signi- 
ficant for the stem and one-year branch 
section in both measures. 
These results show that real differences 
exist in basic density between progenies 
both in the stem and in branches even 
though the density in the branches according 
to the analysis of co-variance does not vary 
in the same way as in the stem. 
Table 3 shows that the standard deviation 
of the density within plots and between the 
progenies' means, respectively, is of the 
same order for stem samples as for branch 
samples for both observed and relative basic 
density. 
Comparison between progenies and mother trees 
5.1 Collection of material Only the 41 progenies have been studied the 
5.1.1 Background 
When material was to be collected to make 
possible a comparison between the basic 
density of mother trees and progenies, moth- 
er trees could be found for ten only of the 
progenies already investigated. Many moth- 
er trees had been felled in connection with 
clear-felling or road construction. 
With the cooperation of the Association 
for Forest Tree Breeding's branch at Bruns- 
berg it was possible to make use of two 
furthsr progeny trials, namely, No. 20 Aper- 
tin and No. 9 Lax& where in the one case 
some mother trees had already been sub- 
jected to a wood investigation and in the 
other, all remaining mother trees were easi- 
ly accessible for sampling. 
5.1.2 Description o f  progeny trials 
Experiment No. 20 Apertin is situated in 
Varmland while experiment No. 9 Lax5 is 
in NBrke. In what follows, the locations 
are referred to as Kil and Lax%. Both experi- 
ments have in common that they were laid 
out as plot experiments both coinprising 
progenies from 36 mother trees. The num- 
ber of replications is four. The spacing is 
1.2 nl and the planting stock 2 + 0. The 
forest site type is of the dry dwarf shrub 
type and the height above sea level is 120 
m. Both experimental plots were cleaned in 
1961 when the number of stems was reduc- 
ed to half the original. Further information 
about the plots: 
Locality Latitude Plot size Planted 
(No. Plants) 
mother trees of which were available for 
wood analysis. 
According to the plans, the experiments 
are laid out in the form of incomplete 
blocks after Yates (1936). The statistical 
treatment, however, is based on a complete- 
ly randomised experimental area, i.e. 144 
plots are laid out independently of one an- 
other. This implies a relatively crude proce- 
dure which, however, affects only the pos- 
sibility of statistically allocating attributing 
small differences in progenies. The com- 
parison mother tree-progeny is not affected. 
5.1.3 Sampling in the progeny trials 
In the removal of wood samples from the 
progenies, it was considered to be of great 
importance to have as representative a se- 
l c d o n  as possible of the trees which were to 
remain until the first thinning. At the same 
time, the sampling procedure involves a 
considerable risk of damage, which would 
furthermore affect some progenies only. It 
was therefore decided that samples should 
be taken from trees which were to be re- 
moved in the cleaning. 
In the summer of 1966 the number of 
stems was reduced all over the experimen- 
tal area to about a quarter of the original 
(to 13 trees per parcel at Lax5 and 36 at 
Kil). The cleaning was of the type low thin- 
ning and was carried out uniformly over 
both plots. So that the trees investigated in 
respect of wood density should have approx- 
imately the same diameter distribution as 
the remaining population, from each parcel 
in which sampling was to be undertaken the 
four largest thinnings were chosen. Since 
there were four replications, wood samples 
were collected from a total of 16 trees in 
every progeny. 
Lax5 59'00' 7 x 7 1946 The following table is a subsequent check 
Kil 59'32' 12x 12 1948 to test to what extent this aim was fulfilled: 
Remaining Thinnings Sampled 
trees trees 
Laxd 
Arithmetic mean diameter, mm 
S.D. of diameter, mm 
Kil 
Arithmetic mean diameter, mm 
S.D. of diameter, mm 
From each of the trees chosen an increment 
core was removed at a height of about one 
metre, in a constant direction. The position 
for boring was moved up or down as re- 
quired to bring it midway between two 
branch whorls. The core was removed to 
the full diameter of the stem by means of 
an increment borer having an internal dia- 
meter of ca 4.5 mm. Thus every annual 
ring was represented twice. If compression 
wood was encountered, a new sample was 
taken at right-angles to the first, which usu- 
ally avoided the compression wood. 
5.1.4 Sampling from the mother trees 
The mother trees belonging to the trials at 
Filphus and Kil are widely scattered (in 
the counties Varmland, Kopparberg and 
Ostergotland), while those for the trial at 
Laxh are from a single stand, situated about 
10 km ENE of Lax& Information concern- 
ing the mother trees is to be found in Pers- 
son (1968, Tables 11 8L 12). 
The mother trees of the Kil trial were 
bored through the agency of the Association 
for Forest Tree Breeding in autumn 1965. 
From each tree at breast height two cores 
were removed which extended to the pith, 
on the same line. No comparison trees were 
bored. 
From all the remaining mother trees of 
the Laxh trial four cores were removed at 
breast-height at 90' to one another. At 
least one of these was required to penetrate 
to the pith. No comparison trees were con- 
sidered necessary here, since such a large 
number of mother trees were growing to- 
gether on the same site. 
The ten remaining mother trees of the 
Filphus trial were bored in the same way 
as those for Laxi. However. in this case a 
number of comparison trees was bored along 
with each mother tree. The number of com- 
parison trees per mother tree was usually 
six, but was reduced if several mother trees 
was growing close together. From each com- 
parison tree one core was removed which 
penetrated to the pith. 
5.2 Laboratory treatment 
The air-dried cores from the progenies were 
soaked initially for 30 min to soften them. 
After this, the five latest formed annual 
rings, represented twice in each core, were 
removed. From the cores from the mother 
trees were removed both the five outermost 
rings and the preceding ten annual rings. 
The weight and volume of the material was 
determined according to the method de- 
scribed in Appdx 1. Most of the weighing 
was done in the laboratory of the Depart- 
ment of Forest Yield. The cores from the 
mother trees of the Kil trial were, however, 
analysed at the Brunsberg branch of the 
Association for Forest Tree Breeding. 
For reasons discussed in detail in Section 
5.4.3, a further separation was made, as 
follows: 
From the cores of the mother trees of 
the Kil and Filphus trials were removed a 
further five sections, each of ten annual 
rings, beginning from the outside. Thus the 
last cut lay between the 65th and 66th an- 
nual rings from the cambium. 
The cores from the considerably older 
mother trees of the Laxh trial were cut up 
in such a way that the 90 annual rings im- 
mediately inside the 15 rings originally ta- 
ken were removed; these were not further 
separated. Then five more sections, each of 
ten rings, were removed, so that the last cut 
lay between the 140th and 141st annual 
rings from the cambium. 
Most mother trees had been bored pre- 
viously, which had in many cases caused the 
adjacent wood to become impregnated with 
resin. Since such a deposit can considerably 
affect the dry weight, the samples were 
placed in acetone for four days after separa- 
tion into sections. The extractive-free sam- 
ples were then dried and treated in the same 
way as the sections already analysed. 
5.3 Treatment of data 
All data intended for further treatment were 
punched on cards. Calculations of the den- 
sities and annual ring widths and of the 
squares and sums of products were carried 
out on the College's IBM 1401 computer, 
according to a programme written by the 
present author. Regression analyses were 
performed on the same computer with the 
aid of an existing programme. 
5.4 Relative basic density 
5.4.1 General 
The reasoning underlying the use of the 
relative basic density as a measure for caus- 
ing the genetically determined variation to 
be expressed in a more basic form than is 
the case when the observed density is used, 
is discussed in Appdx 2. In Section 4.3.1 is 
shown the mode of construction of the re- 
gression functions for the relationship be- 
tween basic density and diameter when age 
is constant. In the following calculations 
based on the measurements obtained from 
the cores, the annual ring width is used as 
a variable instead of diameter. 
5.4.2 Progeny trials 
The density and average annual ring width 
for every individual was obtained from the 
average of the two determinations made 
(see 5.2). 
To test whether the regression of basic 
density on ring width could be considered 
as linear, the individuals in each progeny 
trial were grouped into classes based on 
mean annual ring width, each class having 
a width of 0.2 mm. For each class the aver- 
age basic density was calculated. A graph- 
ical check (see Figures 7 & 8) showed that 
the regression both in the Kil and the Eaxh 
trials, could be considered to be approx- 
imately linear. The following equations were 
obtained in which y represents the relative 
basic density in gJcm3 for the latest five 
annual rings, and the mean width for the 
corresponding annual rings, in tenths of 
millimetres. The correlation coefficient is 
denoted by r. 
Lo- Equation 
cality 
Lax5 y = 0.463 855 -0.003 096 x -0.463 (8) 
Kil y = 0.457 725 - 0.002 873 x -0.525 (9) 
Then was calculated for every bored tree 
in the progenies the relative basic density 
according to the method illustrated above 
(viz. relative basic density = 100 times the 
observed basic density/calculated basic den- 
sity). The mean values obtained for the ob- 
served and relative basic density and annual 
ring widths in the various progenies are 
compiled in Persson (1968, Tables 13 & 
14). 
5.4.3 The mother trees 
As was the case for the progenies, regression 
functions were constructed for the mother 
trees for calculating the relative basic den- 
sity. Since the ten mother trees remaining 
to the Filphus trial were considered too few 
to be capable alone of giving a realistic re- 
gression function, this material was com- 
bined with the 19 mother trees of the Kil 
trial. This procedure should not involve 
con~plications, since the mother trees of 
both trials originate mainly from the same 
region. However, it was not considered suit- 
able to include the mother trees of the Lax; 
trial so as to give a common regression 
function for all three. The large assemblage 
of trees on one and the same site at Laxi 
would probably have influenced the func- 
tion too greatly. 
In the mother tree material from the Kil 
and Filphus trials, there were marked clif- 
ferences in climate between the sites, mainly 
in consequence of differences in height 
above sea level. Numerous investigations 
have demonstrated that altitude has a mark- 
ed effect on the basic density, for instance, 
those of Nylinder 8L Hagglund (1954), Eric- 
son (1960, 1961, 1966) and Harris (1963). 
As climatic variables were tried height above 
sea level, latitude and the mean te~nperature 
during the period June-August. This lase 
was calculated with the help of functions 
constructed by Angstrom (1938) and f ~ ~ r t h e r  
developed by Ericson (1966, p. 35, 3.2). 
A graphical check of the regression of 
density on annual ring width, illustrated by 
Figure 5, indicated that it was curvilinear. 
In  the fitting of a suitable function it be- 
came evident that the maximum multiple 
correlation coefficient (R) obtained with the 
annual ring width to the first power only as 
a variable, was 0.13. When the square of 
the annual ring width was introduced, R 
increased to 0.47. 
The fit of the regression was improved 
only slightly when climate was introduced 
in some form (R increased from 0.43 to 
0.47). Height above sea level alone as cli- 
mate variable gave as good a fit for the re- 
which has height above sea level as the cli- 
matic variable. 
The increment of many mother trees had 
been very low during the latest five-year 
period, with many annual ring widths of the 
order of 0.3-1.0 mm, implying that the 
formation of starvation wood was to be ex- 
pected (Ericson 1966, pp. 101-102). That 
such wood was formed is confirmed by 
Figure 5, where it is shown that density 
decreases rapidly with decreasing annual 
ring width, where this is less than ca 1 mm. 
There is some risk that starvation wood may 
begin to form at different annual ring 
widths in different individuals. It was there- 
fore of interest also to study wood samples 
having greater ring widths, which was the 
case for some of the inner sections of the 
core. For this reason, regression functions 
were fitted for all the core sections. 
In all functions, annual ring width to the 
first and second power, and height above 
sea level, were included. The following equa- 
tions were obtained for the various sections, 
where No. 1 is the outermost part, compris- 
ing five annual rings, and No. 2-7 are the 
subsequent sections, comprising ten rings 
each. y is the basic density, g/cm3, x = an- 
nual ring width, tenths of millimetres, z = 
height above sea level, metres. 
Section Equation R 
gression as was obtained when latitude was 
also included. Neither did the calculation of 
mean temperature, with temperature anom- 
alies according to Angstrom (1938) taken 
into consideration, give a better fit. 
Although the climatic effect was not sig- 
nificant, a regression function which includ- 
ed climate was chosen, in view of the fact 
that its effect on density is well documented 
in previous investigations. 
The function chosen was No. 10 below, 
For the density of the mother trees of the 
Lax; trial, similar regression functions were 
also constructed in which, however, climate, 
which was the same for all 22 trees, was 
not included. The average basic densities 
for various annual ring widths can be seen 
in Figure 6. 
In this material the average annual ring 
width for the five outermost rings of all 
trees was between 0.2-1.0 mm, i.e. wholly 
in the range of widths in which, according 
to Ericson, starvation wood is generally 
formed. The regression of basic density on 
annual ring width also showed an increase 
in density with increasing annual ring width. 
The regression appeared to be generally 
linear when the separation into classes and 
calc~ilation of the average were in accor- 
dance with previous practice. 
In the inner parts of the increment core, 
larger annual ring widths occurred. This 
implies that the density in these sections 
might be thought to decrease with increasing 
annual ring width. In order to reproduce a 
curvilinear relationship, the squared ring 
width was included with the simple in all 
the regression functions constructed for the 
seven sections (described in 5.2). 
The equations and multiple correlation 
coefficient (R) obtained were as follows, 
where y = basic density, g/cm3 and x = 
annual ring width, tenths of millimetres. 
Filphus showed that there were highly signi- 
ficant differences between the 25 progenies 
in both observed and relative density. 
Since the progenies in the trials at Kil 
and Lax5 could not be regarded as being 
divided into blocks (see 5.1.2) it was not 
possible to carry out the analysis of variance 
according to the two-way model. Instead, 
the analysis wzs performed according to  
Bonnier L% Tedin. Chapter 8, Hierarchical 
division, with the hierarchies "progenies" 
-"parcels within progeniesx-"individuals 
within parcels". 
All three progeny trials were so planned 
that a division into provenance groups could 
also be made. The results of processing 
from the trial at Kil showed, however, no 
difference in density between the prov- 
enance groups (Nilsson 1968). Furthermore, 
since sampling within provenance groups 
was incomplete in the present investigation 
Section Equation R 
For all the mother trees included in this in- 
vestigation the relative basic density was 
calculated for each one of the seven sections 
by the method previously indiclted (relative 
basic density = 100 x observed basic den- 
sity/calculated basic density). The average 
of the relative density for all sections was 
calculated similarly for each tree. The data 
obtained for the mother trees are compiled 
in Persson (1968. Tables 15-16). 
5.5  Progeny differences 
A prerequisite for the realistic comparison 
of the basic density of progenies and mother 
trees is that there should be real differences 
in the density of the various progenies i n  
the trial. 
As was mentioned in section 4.6, an anal- 
ysis of variance for the experiment at 
(see 5.1.2), the differences between these 
groups were not analysed. 
The hypotheses tested were that no dif- 
ferences existed "between progenies" and 
"between parcels". Only the relative den- 
sity was used. The confidence limits of the 
tables must be used with some caution, 
since the transformation to relative density 
employed a function based on data from 
all trials. 
The analysis of variance is shown in Table 
4 and gave for the Kil trial the following 
result: variance ratio for differences between 
progenies 5.454""". The hypothesis "no 
difference" was rejected at the 0.1 per cent 
level. 
The variance ratio for differences be- 
tween parcels was 1.252. Not significant. 
For the Lax5 trial was obtained: variance 
ratio for differences between progenies 
2.586"". The hypothesis "no difference" 
was rejected at the one per cent level. Vari- 
ance ratio for differences between parcels 
was 1.124. Not significant. 
With the support of these results, the 
comparisons between mother trees and prog- 
enies described in section 5.6 could be 
made. 
En the practical application of selection 
based on the density of the mother trees, 
it is of interest not only to establish a sta- 
tistically defined difference between dif- 
ferent progenies, but also to know the order 
of magnitude of the difference. Hence in 
the Kil and Lax5 trials the components of 
variance were divided up according to 
Kempthorne (1957, p. 245), following which 
the standard deviation of the relative den- 
sity between the true means of the progenies 
was calculated. The following values were 
obtained: 
relative density of the various progenies and 
the relative densities of the mother trees. 
As was mentioned above, the density in 
the progenies of the Filphus trial was deter- 
mined with the aid of stem disks, in con- 
trast to the procedure in the other two trials, 
where increment cores were used. There is 
thus a risk that systematic differences may 
have arisen. Since the relative densities are 
calculated within each progeny trial-which 
implies that the relative density of a progeny 
is determined only as the relation between 
the individual progeny and the mean for 
the trial-any such systematic errors will 
not, however, affect the analyses. 
A disturbing factor is that the relation- 
ships between the densities of the progenies 
are not always the same at different sites. 
This has, for instance, been demonstrated by 
McKimmy (1 966). Such phenomena are not 
available for analysis in the present material, 
since no mother tree is represented in more 
than one progeny trial. The differences in 
Locality Standard deviation situation between the progeny trial at Kil between true 
progeny means % and that at Filphus, which were united for 
processing, is 300 m in height and one de- 
Kil 3.156 
Lax& 2.045 gree of latitude, thus considerably less than 
Filehus 2.398 the differences with which McKimmy work- 
As may be seen, there is a larger variation 
between the progenies in the Kil trial than 
in the Laxl trial, a difference which might 
have been expected, in view of the more 
heterogeneous origin of the progenies at 
Kil compared with those at Lax%. The stan- 
dard deviation for the Filphus trial was 
obtained from Table 3, and is based on anal- 
yses of stem disks. All 25 progenies are 
included. Only the analyses of progenies of 
the mother trees whose wood was investigat- 
ed have been used as a base for the values 
of the other trials. 
5.6 Relationship between basic density in 
progenies and mother trees 
5.6.1 Test of significance 
For analysis of the relationship between the 
relative basic density of the progenies and 
the mother trees were used both the average 
ed (differences of over 1100 nl in height 
and three degrees of latitude). The amalga- 
mation of the progenies from the Kil and 
Filphus trials was therefore considered per- 
missible. 
The mother trees of these progenies had 
been amalgamated by means of a calcula- 
tion of a common regression function for 
the influence of annual ring width and 
height above sea level on the basic density 
(see 5.4.3). The Kil and Filphus material 
was also studied separately. 
The correlation coefficient was used both 
as a measure of the degree of co-variation 
and for testing the significance levels of the 
various relationships. The tests were carried 
out in accordance with Dixon k Massey 
(1957, pp. 200-201) by determination of 
the confidence interval for different levels 
and by checking that these intervals in their 
entirety exceeded 0. 
Table 5 shows both the correlation coef- 
ficients obtained and the significance. In 
this context a correlation coefficient was 
also calculated for the entire material (51 
mother trees). 
In Table 6 are shown the confidence in- 
tervals calculated for the correlation coef- 
ficient between the mean of the relative den- 
sities for the progeny and for the relative 
density in the mother tree, calculated as 
the average of all seven increment core 
sections. 
The averages column in Table 5 shows 
that the correlation coefficient from the 
combined Kil and Filphus experiments is 
highly significantly greater than 0. From 
Table 6 it may further be seen that the 95 
per cent confidence interval is 0.29-0.79. 
The correlation coefficient was 0.59 1. The 
material is graphically presented in Figure 
9. The Kil material considered alone gave a 
correlation coefficient (r) significantly great- 
er than 0, while the Filphus trial did not 
give r to be significantly greater than 0. 
Neither was significance obtained in the 
Lax5 trial. The value of r obtained (0.415) 
lay, however, very close to the lower limit 
for significance at the 95 per cent level, i.e. 
r = 0.43. This material is presented graphi- 
cally in Figure 10. 
In the calculation of r, 0.31 was the sec- 
ond lowest value obtained, while the low- 
est, 0.06, was obtained for the comparison 
between the density of the five outermost 
rings of the mother trees and the density of 
the progenies in the LaxL trial. In this case, 
the average ring width of the mother trees 
was markedly lowest, viz. 0.6 mm. This 
implies that there is a large possibility of 
error, both in the direct measurements and 
in the calculation of an expression for the 
regression of density on ring width. 
5.6.2 Selection ef fects  
It is, of course, of great economic interest 
to determine what effect selection in respect 
of the relative density of the wood in the 
mother trees will give on the density of the 
wood of the progeny. 
An attempt has been made to calculate 
the probable selection gain by constructing 
functions for the regression of the progenies' 
relative density on the density of the mother 
trees, both for the amalgamated Kil and 
Filphus material and for the Lax; material. 
The following functions were obtained when 
the relative density of the mother trees was 
given as the average of core sections 1-7. 
In the equations, y = relative basic density 
of a progeny and x = the relative basic 
density of the mother tree. The correlation 
coefficient is denoted by r and the standard 
deviation of the relative density between 
the mother trees expressed in percentage 
units by ox. 
Locality Equation r 'Jx 
Kil - Filphus y = 72.2520 + 0.591 7.04 (24) 
0.2782 x 
Lax2 y = 77.0285 + 0.415 4.72 (25) 
0.2296 x 
On the basis of mother trees having a rela- 
tive density 100, which approximates to the 
degree of selection presently applied in the 
choice of parent trees for seed orchards, 
the average density for the selected group 
may be calculated according to the follow- 
ing formula, where mu = mean value of 
the group, nz = original population's mean 
value = standard deviation of the original 
population. 1 
mu= m +  2 0 .  = 
1 2n (2 6 )  
The original distribution was assumed to 
be normal. Thus for the Kil-Filphus ma- 
terial, m,, = 105.62 was obtained and for 
the Lax2 material nz, = 103.77. If these 
values are substituted in functions 24 and 
25 for the Kil and Filphus material. an 
expected relative density of 101.63 in the 
progeny is obtained; that for the Lax; 
material 100.S.5. The increase in density is 
thus 1.63 and 0.85 per cent, respectively. 
If the degree of selection is refined, so that 
only the best ten per cent of mother trees 
in respect of density are chosen, similar 
calculations (Allard 1960, p. 94) give the 
result that the expected gain in the average 
density of the progenies for the Kil and 
Filphus material is ca 3.5 per cent, and ca 
1.9 per cent for the Lax; material. If, 
furthermore, the father trees are selected 
in respect of density, the gain should in- 
crease still further. 
In assessing these percentages it must, 
however, be borne in mind that there are 
many factors of uncertainty in the calcula- 
tions. For instance, as is shown in 5.6.1 for 
the Lax; material, the relation between the 
relative density of the mother trees and 
the progenies could not be demonstrated 
to be significantly positive. 
The heritability (narrow sense) may, ec- 
cording to Stern (1960 p. 56) and Becker 
(1957, p. 62), be determined as the regres- 
sion coefficient in the relationship progeny 
on parents. If the progenies are obtained 
after free pollination, as in this case, the 
doubled regression coefficient for the rela- 
tionship progeny on mother trees is an esti- 
mate of the heritability (Hattemer 1963). 
In equations 24 and 25, the regression 
coefficients were 0.278 and 0.230, their 
standard deviation being 0.073 and 0.11 3. 
respectively. An estimate of the heritability 
thus gives the value 0.56 -t- 0.15 for the 
Kil-Filphus trials and 0.46 1 0.23 for the 
Lax; trial. 
6 Discussion 
It should be emphasised that the relative 
densities determined for the progenies do 
not refer to the whole growth period. At 
the time of investigation, the trees were at 
most 22 years old and the greater part of 
the wood which will be harvested during 
the rotation has thus yet not been formed. 
The relative density shows some variation 
between different parts of the stem cross- 
section. No comparison was made between 
the density of the innermost annual rings 
and that in the other wood, partly because 
the inner parts of the increment cores were 
often in poor condition. 
Partly on the basis of the investigations 
of Zobel & Rhodes (1956, 1957), referred 
to in Chapter 3, in which good correlation 
was obtained between the density in the 
inner and in the outer annual rings of the 
same tree, it may be expected that the 
changes will not be of great importance. 
One indication that the relationship between 
the density in the progenies and that in the 
mother trees should at least not weaken 
with increasing age of the progenies, is 
given by Zobel's (1963) finding that the 
heritability (narrow sense) for species of 
pine in the southern United States increased 
with the age of the progenies up to the 
age of 15 years. Here it should be noted 
that these pines are very fast-growing, hence 
parallels cannot be drawn with 15-year- 
old Swedish pine. 
Zobel (1953) also discusses various 
methods for estimating the heritability. The 
heritability is often estimated as the rela- 
tion between the additive genetical varia- 
bility and the phenotypic variability in a 
progeny trial, without, however, anything 
being known about the parent trees. Zobel 
(1961) points out, amongst other things, 
that the more uniform is the environment 
on an experimental area, the greater is the 
estimated value for the heritability, in that 
the phenotypic variation decreases. 
Heritability determined in this way, valid 
solely within the specific environment of 
the experimental area, forms a very uncer- 
tain basis for the estimation of the selection 
gain. 
The heritability may also be estimated, 
as mentioned above, with the aid of the 
regression of the progenies on the mother 
trees. As regards the pine species specifically 
dealt with by Zobel, Pinzts taeda and P. 
elliottii, such a comparison is complicated 
by the fact that the young individuals form 
"juvenile wood", which differs from the 
wood formed later in that the density is 
considerably lower and that its variation 
between individuals less. This implies, ac- 
cording to Zobel (1963), that it is not con- 
sidered statistically acceptable directly to 
compare the density of the mother trees 
and the progenies. 
The formation of juvenile wood in the 
Swedish pine has been very little studied. 
A calculation based on Figure 5-43 shows 
that the progenies have on the average an 
observed basic density from seven to nine 
per cent lower than that of the mother trees 
for the same annual ring width. A study 
of analyses of 78 pines suggested as plus 
trees showed that the wood formed during 
the earlier years has a lower basic density 
(significant at the one per cent level) than 
the average for the whole tree when differ- 
ences in annual ring width are taken into 
consideration. The differences between "ju- 
venile wood" and "mature w o o d  seem, 
however, compared with those in the Amer- 
ican pine species, to be very small. By calcu- 
lation of the relative basic density, which 
involves the use of separate functions for 
each progeny trial and group of mother 
trees, possible differences are eliminated. 
'The standard deviation in relative density 
between the individuals in the progeny trial 
at Filphus was 6.3 per cent for the stem 
samples. This value may be compared with 
the standard deviation of relative density 
between the mother trees of the Kil and 
Filphus trials, which was 7.0 per cent as is 
discussed in section 5.6.2. The order of 
magnitude is thus the same. Also in the 
progeny trials at IGl and La&, the standard 
deviation of the relative basic density for 
the entire material as calculated on the 
basis of the analysis of variance in Table 4, 
lay between six and seven per cent. The 
standard deviation for the relative basic 
density between older pines, obtained by 
Ericson (1960), was of the same order of 
magnitude, there being three values of 6.3 
per cent and one of 5.8 per cent. 
In the material studied in the present 
work, the phenomena which, according to 
Zobel, make the regression of progeny on 
parents unsuitable as a basis for an estimate 
of the heritability, did not occur. This type 
of regression has therefore been used in 
estimates of the degree of heritability in 
section 5.6.2. 
The heritability based on the regression 
of the progenies on the mother trees was 
doubled with regard to the fact that the 
progenies arose after open pollination. This 
calculation is based on the assumption that 
the relative density of the father trees both 
varies independently of that for thc mother 
trees and that it is, on the average, similar 
to the relative density of the mother trees, 
viz. 100 per cent. The latter assumption 
should be acceptable, since the density was 
not used as a criterion in the choice of 
mother trees. There is, however, a danger 
that trees within certain areas have generally 
a high or a low relative density. This may 
depend on provenance effects or on a local 
climate which is not fully explained by the 
climatic variable employed, namely, height 
above sea level. Such a difference between 
localities implies, for instance, that mother 
trees in a locality having a high density 
have a considerable chance of being pol- 
linated by trees which, on the average, also 
have a high density. In this way there is 
a risk that the heritability may be over- 
estimated. Thus the heritability (0.56) deter- 
mined for the Kil-Filphus trial may be sus- 
pected to have been systematically overesti- 
mated. 
It follows from this reasoning that it 
would be possible to determine the herita- 
bility with greater certainty if the father 
trees were known. Recently, the layout of 
progeny trials in Sweden has been increas- 
ingly concentrated to controlled crosses. Most 
of these trials are, however, still far too 
young for valid investigation of the wood. 
Future studies of these and similar progeny 
trials should be capable of giving consider- 
ably more information about the inheritance 
of density than would be given by extended 
studies of progenies arising from free polli- 
nation. Through the study of controlled 
crosses it should be possible to assess the 
effects which can be attained within seed 
orchards of selected plus trees. Since 1960, 
all proposed plus trees have been tested in 
respect of density. Only trees having a 
relative density of at least ca 100 per cent 
are chosen for use in seed orchards. 
In tree breeding, naturally not only the 
relative basic density is to be considered. 
Many other properties seem to have greater 
economic importance, for instance, growth 
rate and branch quality. Selection on the 
basis of these factors lies outside the pur- 
view of the present work, but cannot for 
this reason be ignored. If a positive selec- 
tion based on the relative density were to 
involve a negative effect on the growth 
rate, that selection would be in vain. In- 
vestigations reported by Zobel (1953) in- 
dicate that the risks for this are small as 
regards some American species of pine. 
Ericson (1960, Table I), has compared in 
a Swedish material of pine the basal area 
of an investigated tree with the total basal 
area within a radius of five metres of the 
tree. No relationship could be demonstrated 
between the relative density of a tree and 
the proportion which it occupied of the 
total basal area. From this it may be con- 
cluded t h a ~  a high relative density is not 
obtained at the expense of the increment of 
the surrounding trees, and probably not at 
the cost of production per unit area. 
In the progeny trials at Kil and Laxi, the 
basal area has been calculated for the trees 
remaining after clearing. For each progeny 
the relative total basal area has then been 
calculated as the observed total basal area 
for the progeny expressed as a percentage 
of the average basal area for the progenies. 
If the correlation coefficient (I . )  for the rela- 
tion between the relative total basal area for 
the progenies and the relative basic density 
for the mother trees is calculated, for the 
Laxi trial is obtainccl I. = -0.28 and for 
the Kil trial, r = -0.07. Neither of these 
correlation coefficients differs significantly 
from 0. The 95 per cent confidence interval 
about r = -0.28 has the limits -1-0.16 and 
-0.62, respectively, for the 22 pairs of 
values of the Laxi trial. Hence there is 
nothing to contradict the assumption that 
density and growth rate vary independently. 
Neither can it be demonstrated that a 
mother tree with a high relative density has 
given progenies with low growth capacity. 
This does not, however, mean that the 
relationship between density and growth rate 
should be not studied further. 
This investigation shows that a selection 
of the mother trees in respect of density 
can give a clear effect in the average density 
of the progenies. At the same time, the diffi- 
culties of separating, on the basis of pheno- 
type, trees having an especially good geno- 
type as regards branch quality and growth 
rate, should be borne in mind. It is, there- 
fore, possible that a very strong selection, 
based on density and carried out amongst 
a large number of trees chosen on the basis 
of acceptable branch quality and increment, 
might be the right way to attain rapid and 
good results. 
Summary 
The present work is based on a thesis 
submitted for the degree of Licentiate at 
the Department of Forest Yield, Royal 
College of Forestry, entitled "Studie over 
torr-rHvolymvikten hos modertrad och av- 
kommor av tall", which was published in 
1968. 
The work is intended to elucidate whether 
there is a relationship between the basic 
density in mother trees of pine and prog- 
enies arising from open pollination. 
To facilitate determination of the density 
in progenies at as low an age as possible, 
it was first investigated whether the basic 
density in the stems of young pine trees 
could be calculated by means of a regression 
function after the determination of the basic 
density in branches. 
On the basis of a close study of 20 young 
pines, wood samples were taken from 
branches in the uppermost whorl, from two- 
year-old branch sections in the second 
branch whorl from above and from a six- 
year-old stem section, all from 500 pines 
belonging to 25 progenies in a con~parative 
progeny trial. 
The relative basic density was calculated 
for every sample as the observed basic 
densityicalculated basic density, expressed 
in per cent. The calculated density was 
obtained by means of a function for the 
relationship between basic density and dia- 
meter. 
A co-variance analysis of the basic density 
in the stem and the density in one-year-old 
and two-year-old branches gave the result 
that the mean values for the progenies 
differed significantly from the mean regres- 
sion. 
The slopes of the regression lines of the 
various progenies did not differ significantly 
from one another. 
The analysis gave the same result both 
when the observed and when the relative 
density was employed. 
By means of the first result it was shown 
that the various progenies belong to dif- 
ferent populations in respect of the rela- 
tionships tested. 
On the basis of the analysis of co- 
variance, the method employing branch 
analyses was concluded to have little value. 
The analysis of variance showed that there 
were significant differences "between prog- 
enies" in all three parts of the tree for 
both observed and relative basic density. 
In order to be able to carry out a 
comparison between the basic density of 
mother trees and progenies, the density was 
determined in ten of the mother trees of 
which the wood of the progenies had been 
investigated. Furthermore, samples were 
taken from two other comparative progeny 
trials arising after free pollination, in the 
one case from 22 and in the other from 19 
progenies, as also from the mother trees of 
the progenies. The relative basic density 
was calculated for both mother trees and 
progenies. 
The analysis of variance showed signifi- 
cant differences in the relative basic density 
between various progenies in the trials in- 
vestigated. 
The comparison between the relative ba- 
sic density of the mother trees and their 
progenies gave in one case a correlation 
coefficient of 0.591"*" (29 pairs), in another 
case 0.415 (22 pairs, not significant). The 
density was in no case a criterion in the 
choice of mother trees. A calculation was 
made of the increase in the average density 
of the progenies attained by application 
of a degree of positive selection of 50 per 
cent and indicated that in the one case the 
relative density would have increased by 
1.6 per cent and in the other by 0.9 per 
cent. For a positive degree of selection of basis of the regression of progenies on 
ten pzr cent the percentage 3.5 and 1.9 mother trees gave in the one case H = 
would have been obtained. 0.56 1 0.15 and in the other case H = 
Calculation of the heritability (H) on the 0.46 c 0 .23. 
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Arbetet avsig att undersoka, om nigot sam- 
band finns inellan torr-rivolyn~vikten hos 
modertrad av tall och hos avkommor ef- 
ter fri avblomning. 
For att mojliggora en bestamning av vo- 
lymvikten hos avkommorna vid s i  1Hg h1- 
der som mojligt, undersoktes forst om torr- 
rBvolymvikten i de unga tallarnas stammar 
kunde beraknas genom en regressionsfunk- 
tion efter bestamning av torr-rivolymvikten 
i grenar. 
P i  grundval av en ingBende undersok- 
ning av 20 unga tallar togs vedprov f r in  
gren i oversta grenvarvet, 2-Brig grendel i 
2:a grenvarvet uppifrHn samt 6-Hrig stam- 
del, allt f r in  500 tallar, tillhorande 25 av- 
kommor i ett jamforande avkommeforsok. 
Relativ torr-rivolymvikt beraknades for 
varje prov som observerad torr-rivolym- 
viktlberaknad torr-rivolymvikt uttryckt i 
procent. Den beraknade volymvikten erholls 
genom en funktion over sambandet mellan 
torr-rivolymvikt och diameter. 
Kovariansanalys av torr-rivolymvikt i 
stam och volymvikt hos 1-higa respektive 
2-iriga grenar, gav till resultat: 
Avkonimornas medelvarden avvek signifi- 
kant frHn den genomsnittliga regressionen. 
Lutningarna hos de olika avkonimornas 
regressionslinjer avvek ej signifikant frKn 
varandra . 
Analysen gav sainma resultat b6de vid 
anvandande av observerad och av relativ 
volymvikt. 
Genom det forsta av resultaten visades, 
att de olika avkoininorna hor till olika po- 
pulationer nied avseende pB de testade sam- 
banden. 
P i  grundval av kovariansanalysen bedom- 
des metoden med grenanalyser ha ringa v8r- 
de. 
Genom variansanalys ltonstaterades dar- 
efter att signifikanta skillnader forelag "mel- 
Ian avkommor" hos samtliga tre traddelar 
for bide observerad och relativ torr-rivo- 
lymvikt. 
For att kuniia genomfora en jamforelse 
mellan torr-rivolymvikten hos modertrad 
och hos avkominor, bestamdes volymvik- 
ten hos 10 av modertraden till de tidigare 
vedundersokta avkommorna . Dessutom togs 
f r in  tvH andra jamforande avkommeforsok 
efter fri avblonining vedprov frhn i ena 
fallet 22, i det andra 19 avkoni~nor, liltsom 
fr in  avkominornas modertrad. Berakning av 
relativ torr-rivolymvikt utfordes for bIde 
modertrad och avkonmor. 
Variansanalys visade signifikanta skillna- 
der i relativ torr-rivolymvikt mellan olika 
avkommor inom harvid nytillkoinna forsok. 
Jamforelsen mellan relativa torr-rhvolym- 
vikten hos modertrad och hos deras avkom- 
mor gav i ett fall en korrelationsltoefficient 
av 0,591*** (29 vardepar), i ett annat 
0,415 (22 vardepar, ej signifikant). Volym- 
vikten har ej i n2got fall legat till grund for 
urvalet av modertrad. En berakning av vil- 
ken hojning av avkominornas genomsnitt- 
liga volymvikt som erhallits on1 en positiv 
selektionsgrad av 50 % hade tillampats, gav 
till resultat att i ena fallet hade relativa torr- 
rbvolyinvikten okat med 1,6 %, i det andra 
med 0,9 %. Vid en positiv selektionsgrad 
av 10 % hade procenttalen 3,s respektive 
1,9 erhhllits. 
Berakning av heritabiliteten (H) p i  gruntl- 
val av regressionen av avkoininor p% mo- 
dertrad gav i ett fall H = 0,56 i 0,15, i 
ett annat H = 0,46 t 0,23. 
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Figure7 1-2. Comparison between observed basic density in the stem (dependent variable) and 
branches (independent variable) in Expt. No  48, Filphus. Each point represents a progeny mean. 
Correlation coefficient = r, regression coefficient = b. 
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Figures 3-4. Con~parison between basic density in the stem (dependent variable) and branches 
(independent variable) in Expt. No  48, Filphus. Each point represents a progeny mean. Correlation 
coefficient = r, regression coefficient = b. 
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Figures 5-8. Variation of basic density with annual ring width. Illustrated with the aid of ring width 
classes followed by calculation of average class densities. The figures accompanying each point give 
the number of individual values on which the average is based. 
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Figures 9-10. Comparison between the average progeny basic densities after open pollination (de- 
pendent variable) and the relative density of their mother trees (independent variable). Correlation 
coefficient = r, regression coefficient = b. 
Tables 
Table 1. Analysis of variance in Expt. No 48, Filphus. Observed basic density, g/cn+. 
Source of D.F. Stem 1-year-old branch 2-year-old branch 
variation Sum of Mean Sum of Mean Sum of Mean 
squares square squares square squares square 
Between 
progenies 24 0.0548730 0.00228638 0.0291816 0.00121590 0.0374711 0.00156130. 
Between blocks 3 0.0038175 0.00127250 0.0014501 0.00048337 0.0040604 0.00135347 
Interaction 72 0.0443092 0.00061541 0.0206282 0.00028650 0.0308400 0.00042833 
Sum 99 0.1029997 0.0512599 0.0723715 
Within parcels 400 0.2037228 0.00050931 0.1050436 0.00026261 0.1514298 0.00037858 
Total sum 499 0.3067225 0.1563035 0.2238013 
Table 2. Analysis of variance in Expt. No 48, Filphus. Relative basic density, per cent. 
Source of D.F. Stem 1-year-old branch 2-year-old branch 
variation Sum of Mean Sum of Mean Sum of Mean 
squares square squares square squares square 
Between 
progenies 24 3582.65 149.277 3583.10 149.296 2738.95 114.123 
Between blocks 3 101.32 33.773 114.28 38.093 282.94 94.313 
Interaction 72 2216.58 30.786 2589.57 35.966 1763.91 24.499 
Sum 99 5900.55 6286.95 4785.80 
Within parcels 400 13970.80 34.927 13430.00 33.575 11733.20 29.333 
Total sum 499 19871.35 19716.95 16519.00 
Interaction and 
within parcels 472 16187.38 34.295 
Finteraction 
Table 3. Estimation of standard deviations in subgroups (=parcels) and between progeny 
means in Expt. No 48, Filphus. 
Standard deviation Observed basic density, g/cm3 Relative basic density, % 
Stem 1-year-old 2-year-old Stem 1-year-old 2-year-old 
branch branch branch branch 
Within parcels 0.0226 0.0162 0.0195 5.910 5.795 5.416 
Between progeny means 0.00914 0.00682 0.00753 2.398 2.381 2.068 
Table 4. Analysis of variance in the progeny trials a t  Kil and Laxi .  Relative basic density, 
per cent. 
Site Source of variation D.F. Sum of Mean 
squares square 
Kil 
Kil 
Between progenies 
Within ,, 
Between parcels 
Within ,, 
Between progenies 
Within ,, 
Between parcels 
Within ,, 
18 3512 195.111 
285 8556 30.021 
57 2039 35.772 
228 6517 28.583 
Sum 303 12068 39.828 
21 2292 109.143 
330 12702 38.491 
66 2786 42.212 
264 9916 37.561 
Sum 351 14994 42.718 
Table 5. Correlation coefficients for  the regression of relative basic density (average for each 
progeny) on  the relative density in the relative density in the mother trees. The significance 
level for r = 0 is given for each value. The numbering of sections is explained in Section 
5.4.3. 
Progeny No. Part No. in mother tree Average 
trial 
1 2 3 4 5 6 7 1-7 
Kil + 
Filphus 29 0.448" 0.520** 0.469*** 0.556** 0.563** 0.518" 0.527** 0.591*** 
Kil 19 0.423 0.500* 0.481* 0.607** 0.590** 0.624** 0.566** 0.627*** 
Filphus 10 0.612 0.570 0.459 0.448 0.537 0.417 0.487 0.544 
Lax%l 22 0.055 0.362 0.313 0.367 0.458* 0.455' 0.417 0.415 
Kil + 
Filphus + 
Lax% 5 1 0.604*** 
Lower limit for 95 per cent level: r = 0.43 
Table 6. Confidence interval a t  5 per cent and 1 per cent level for the correlation coefficients 
in Table 5, column "Average 1-7". 
Progeny trial 95 % confidence interval 99 % confidence interval 
min max min max 
Kil f Filphus 0.29 0.79 0.17 0.83 
Kil 0.25 0.84 0.10 0.88 
Filphus -0.14 0.87 -0.35 0.92 
Lax2 -0.00 0.71 -0.14 0.78 
Kil + Filphus + Lax2 0.31 0.71 0.23 0.75 
Appendices 
Appendix 1 
Determination o f  the basic density o f  wood 
samples 
The wood samples analysed in the present 
work may be placed in three groups in 
respect of laboratory treatment: 
1. Stem sections in the form of ca 5 mm 
thick disks . Were removed from trees 
studied in respect of density in stein 
and branches. 
2. Branch samples in the form of ca 5 cnl 
long branch sections. 
3. Increment cores ca 4.5 111111 in dia- 
meter. 
Samples in group 1 were not permitted to 
dry out before the determination of volume, 
which was carried out by the water displace- 
ment method. They were then dried in a 
thermostatically controlled oven at 103' C 
for three days, after which they were im- 
mediately weighed. 
The water displaceinent method of deter- 
mining the volume of wood san~ples is less 
suited to small samples, because of the 
tendency of water to adhere to them and 
because of its low density. The volun~e of 
san~ples in groups 2 and 3 was therefore 
determined by mercury displacement ac- 
cording to a method described by Ericson 
(1959) and used routinely for determination 
of the volume of increment cores at the 
Department of Forest Yield, Royal College 
of Forestry. The sources of error in the 
method have also been studied by Ericson 
(1966). 
Because of the danger of mercury poison- 
ing, samples have to be dried in the oven 
before being immersed in mercury. After 
drying and immediate weighing, the samples 
were allowed to swell in water. For group 
3 (increment cores), one hour's immersion 
was considered sufficient. According to Ek- 
lund (1951), increment cores have attained 
practically their full green volume after this 
length of time. However, Eklund's results 
could not be directly referred to group 2 
(branch samples), which have their fibres 
orientated parallel to the long axis of the 
sample. In the absence of a specific study 
of the method, it was assumed that these 
samples, too, would after soaking to fibre 
saturation point at least have attained their 
full green volume. 
To discover how long soaking was re- 
quired for the branch samples, a preliminary 
investigation was performed. The volunle 
of a number of samples was determined 
after different lengths of soaking. On the 
basis of the results obtained, it was decided 
that one-year-old samples should be soaked 
for two days, while older samples required 
at least four days' soaking. 
Appendix 2 
Relative basic density 
In assessing the usefulness of basic density 
as a measure of quality in forest tree breed- 
ing, it is important to know which factors 
influence its magnitude. A compilation by 
Ericson (1961) indicates that annual ring 
width is the factor which most strongly 
influences the basic density of spruce. In- 
creasing annual ring width implies lower 
density. Latitude, diameter and site class 
are positively, summer mean temperature 
and humidity negatively, correlated with 
density. 
If the regression function for a material 
is estimated, then for a tree under known 
environmental conditions and with a known 
annual ring width it is possible to estimate 
the expected value of the basic density. The 
estimated value is named the calculated 
basic density, Y,,, according to Ericson 
(1960). The value observed in the tree is 
named Y,,,. 
The value of thc expression 100 X Y,,,/ 
Y,,, is called the relative basic density,  and 
is a measure of the deviation of the observ- 
ed basic density from the regression line. 
Ericson found that when he used a re- 
gression function based both on the mean 
temperature for the period June-August 
and the average annual ring width, the rela- 
tive basic density did not co-vary to any not- 
able extent with any studied site, stand or 
tree characteristics (latitude, height above 
sea-level, site quality class, tree age, tree 
height, etc.). By contrast, in a comparison 
with other clones there was a positive, signi- 
ficant correlation between ths relative basic 
density of the tree of origin and that of the 
clones. This indicates that the relative basic 
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density is a useful measure of the genetically 
determined density. 
The intention was to calculate the relative 
density for all groups of material in the pres- 
ent study. As regards the preliminary in- 
vestigation, (4.1) it app~ared that the re- 
lationship between the basic density and 
the annual ring width was too weak for it 
to be possible to construct a function. The 
correlation coefficient for the relationship 
did not exceed 0.2 for any part of the tree 
investigated. The calculation of the relative 
density for the material of the preliminary 
investigation was therefore omitted. 
For all other groups of material, the 
relative density was calculated for each 
sample in accordance with the method 
described in the text. 
